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Preface 



,'The many books on introductory electromagnetics can be roughly divided into 1 two 
jmani groups. The first group takes the traditional development.- starting with 1 the 
experimental laws, generalizing then, j D steps, and finally synthesizing them in the 
rorm of MwwelTs equations. This is an inductive approach. The second group take 
the axiomatic development: starting with Maxwell's equations, identifying each with 
the appropriate experimental law, and speeializmg the general equations to static 
and tme-varjang situations for analysis. This is a deductive approach. A few books 
Ibegin with a treatment of the special theory of relativity and develop all of electro- 
magnetic theory from Coulomb's law offeree; but this approach requires the discus- 
sion and understanding of the special theory of relativity first and ia perhaps hat 
Jsuited for a course at an advanced leveL 

Proponents of the traditional development argue that it is the way electron ae- 
Bene theory was unraveled historically (from special experimental laws to Max^cUr* 
equations), and that it is easier for the studencs to fellow tban the other methods. 
I fed. however, that the way a body of knowledge was unraveled is not necessarily 
( the best way to teach the subject to students. The topics tend to be fragmented and 
,caiiziot lake foil advantage of the conciseness of vector calculus. StudentTare puzzled 
■at, and often form a mental block to. the subsequent introduction of gradient, diver- 
Igence, and curt operations. As a process for formulating an electromagnetic model, 
ithis approach lacks cohesiveness and elegance. 

I The axiomatic development usually begins with the set of four Maxwell's eqW 
taoas. other m differential or in integral form, as fundamental postulates. These .are 
WquaQons of considerable complexity and are difficult to master. They «S to 
£ause cormernation and resistance in students who arc hit with all of them at the 
frcginniag of a book AJert students will wonder about the meaning of the field vectors 
tod about the necessity and sufficiency of these general equations. At the initial stage 
Students tend to be confused about the concepts of thedeetromagnetic £5*2 

X^TS"*^ Th * M>odi,ad manipulations. In any 

case, the general Maxwell's equations are soon simplified to apply to static fields. 
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* Static Magnetic Flcfdt 



(Wb). 



area enclosed by the paifc. magnetic fluxipassing Through che 



6-4 TheBiot^avartUv and Appli 



cations 



and the curxem flow fa c,^^^^^ — * * ^ 
«dEo. (6-*) becomes 



4n 7c » 



(Wb/m). 



Where 4 circle has been 
a ' 



(6-26) 



(6-27) 



— a« ass - - 

|_4w J<r H J 



4* Jc- s r 



(6-28) 



*« fli^* toe to steady wfc &«, 



6-4 The Biot-Savart Law and Application* 



235 



It is very important Co note m Eq. (6-28) thai the unpriced curl operation implies 
differentiations with respect to the space coordinates of the field point, and that the 
integral operation is with respect to the primed source coordinate The integrand; in 
Eq. (6-28) can be expanded into two terms by using the following identity (ace Prob- 
lem P.2-37): 

V * (/G)=-/V x G + (Yf) x G. (6-29) 
We have/with / = \/R and G = de\ 

B = £&[5 Vx "' + ( v £)*'4 

Now, since the unprimed and primed coordinates ate independent, V x it equals 
0, and rhe firgt term on the right side of Eq. (6-30) vanishes. The distance Jt! is 
measured {rem if at (*', y ? *Q to the field point at (x, y, z). Thus we have 



j - [<x - + ( y - f? + fcr - *f ] - W; 
~ *[(3:-^+(y-y) a +(2-0 2 ] J/a 



(6-31) 



ft 

— ct= —a. 



1 



where a K is the unit vector directed Jfrem c/w source point to the field paint. Substi- 
tuting Eq. (6-31) in Eq- (6-30), w<? get 



47t Jcr 



(6-») 



Equation (6-32) is known as Biot-Smtart bp. It is a formula for determining B 
caused by a current / in a closed path C and is obtained by taking the curl of A in 
Eq. (6-27). Sometimes it is convenient to write Eq. (6-32) in two steps: 



pith 



dB 



(6-3Jb) 
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6 Static Magneoeftd^ 



FIGURE 6^5 
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be found over vhich B has s SSiSli?' dotal path ou^t 




typical clement oa the wire is 
The cyliadric! coordinate* of the f5dd * • „ 

* 4* J-t 
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